A modified Lassaigne method was developed for N determination based on fusion of the organic substance with metallic Na, conversion of the cyanide in the aqueous leachate to thiocyanate by ammonium polysulfide treatment, and colorimetric measurement of the thiocyanate formed by the addition of excessive ferric ions in acidic medium. The mean molar absorptivity of the Fe(NCS) 2+ complex at 480 nm is 2.96´10 3 L/mol·cm, enabling quantitation of 0.25-7.72 ppm N (linear range) in the final solution. The relative amounts of Na, (NH 4 ) 2 S 2 , and Fe(III) with respect to nitrogen in the analyte were optimized. The developed method was successfully applied to the determination of N in various brands of baby food, and it was compared statistically with the conventional Kjeldahl and elemental analysis methods. Protein nitrogen in a number of meat products was also precisely determined by the developed method. Thus, the total digestion time of the conventional Kjeldahl method was reduced considerably (e.g., to approximately 15 min for a dried sample) with a relatively simple spectrophotometric method requiring no sophisticated instrumentation.
V arious analytical procedures for the determination of N in organic substances can be classified into 3 broad categories with respect to the digestion method used to decompose the organic matrix, i.e., Kjeldahl digestion (1, 2), Dumas combustion (3, 4) , and peroxodisulfate oxidative digestion (5, 6) .
After digestion of the organic sample, nitrogen may be determined as NH 3 by potentiometry (7, 8) or spectrophotometry (9, 10) , as N 2 by the Dumas method (3), as NO 2 -radical by photoluminescence detection (11) , or as NO 2 - and NO 3 -by the Griess-Ilosvay spectrophotometric method (12, 13) . The major features and drawbacks of the existing analytical methods for determination of organic N are summarized below.
The traditional Kjeldahl method of total N determination is based on the digestion of the solid (or evaporated liquid) sample with H 2 SO 4 , Na 2 SO 4 , and a Hg-or Cu-based catalyst (14) ; conversion of the original N to NH 4 HSO 4 ; addition of NaOH and distillation of the evolved NH 3 gas into a known volume of standard acid (usually H 3 BO 3 ); and neutralimetric titration of the absorber acid or Nesslerization. The method is time consuming (15) , requires handling of dangerous chemicals, and is not reliable for low-level nitrogen determination (16) because titration methods are inherently insensitive to low amounts of the analyte. The method requires the use of a relatively expensive Kjeldahl apparatus with full accessories for sample decomposition, NH 3 distillation, and automatic titration. The catalysts may have a detrimental impact on the environment (17) , and some catalysts, e.g., Cu, may exhibit a negative bias (14) .
The most critical factors in the macro-Kjeldahl method are claimed to be the titrant normality and errors in the calibration of glassware and measurement of volume, whereas the micro-Kjeldahl method, although capable of coping with limited sample quantities, suffers from greater variation in test results within and between laboratories, due to the use of smaller sample size and more dilute titrant (17) . Uniformity of sample also becomes a more important factor in micro-Kjeldahl methods. Lengthy digestion times of 0.5-2.0 h after clearing were evaluated with Hg-and Cu-based catalysts.
The poor extraction of N with the use of copper-titanium catalysts for the determination of N in sewage effluents may arise from the elevated temperatures involved in using relatively large amounts of K 2 SO 4 (18, 19) . Atmospheric-pressure microwave sample preparation (digestion) has been claimed to reduce digestion time (e.g., from 90-150 to 30 min) and to eliminate the need for hazardous catalysts at the expense of versatility for all matrix types (15) . Probably the most striking disadvantage of the traditional Kjeldahl method is that it does not quantitatively recover nitrogen present in compounds with N-N linkages and requires special modifications for detecting nitrogen in compounds with N-O linkages (20, 21) .
Direct spectrophotometric determination of ammonia in the Kjeldahl digest, as implemented in some autoanalyzers (22) , may suffer from changes in acid concentration, the presence of metal ions, and sample turbidity (23) . Because most colorimetric procedures for the quantitation of ammonia in the digest are performed in an alkaline medium (24) (25) (26) (27) , precipitation of the metals used as the catalyst for the digestion of organic compounds (28) (29) (30) may interfere with the determination (31) . However, the indophenol dye produced by making use of the Barthelot reaction (9) is very sensitive to daylight, necessitating the exclusion of daylight from the system for reproducibility.
When NH 3 (in the Kjeldahl digest) diffused across a permeable membrane is trapped in a boric acid acceptor solution and detected potentiometrically (8) with an ammonium-selective electrode, or determined conductometrically, problems of sensitivity and selectivity, and of unacceptable noise levels caused by the high background conductivity of the recipient stream (32) , respectively, may be encountered. Bulk acoustic wave-impedance sensing of the H 3 BO 3 -trapped ammonium (22) is claimed to improve the detection sensitivity of the conductometric method, but the calibration graph of this method (i.e., peak height in Hz versus ammonium concentration in Kjeldahl digest) is not linear, and interference from volatile amines, if present, is unavoidable.
The Dumas combustion procedure necessitates the use of a relatively expensive elemental analyzer, such as Leco's CNS 2000 analyzer (33) . Although this procedure has advantages over the traditional Kjeldahl method of using fewer hazardous chemicals, requiring less labor, and using a more efficient temperature program to release N from samples, it requires a high temperature (1300°C) in the combustion chamber and may sometimes produce a positive bias, when compared with wet oxidation techniques, in the analysis of plant material (34) (35) (36) . The conventional Dumas method has been claimed to be inaccurate for the determination of low-level N (16) .
In this paper, a simple qualitative test for nitrogen, known as "Lassaigne's sodium fusion test" and almost a century old (37, 38) , has been transformed into a novel colorimetric method for quantitation of the N content of organic substances. It is known that carbonaceous compounds containing N, when fused with metallic sodium, produce NaCN. The resulting sodium cyanide can be identified by the Prussian blue test, i.e., by addition of a mixture of Fe(III) and Fe(II) salts to the ignition residue and subsequent acidification (39) , and this constitutes the original Lassaigne method for the qualitative identification of organic nitrogen. A further simple test independent of the Lassaigne method, applicable in the presence of sulfide or sulfite, is the conversion of alkali cyanide to thiocyanate, which can be identified by the sensitive Fe(III) reaction. The thiocyanate is formed by warming with yellow ammonium polysulfide (39, 40) :
Our approach was to merge these fruitful, 50-to 100-year-old ideas into a single, precise colorimetric method for the determination of N in organic substances. The method was expected to be both rapid (taking even less time than that required by the Kjeldahl digest for a dried sample) and accurate, and to require no costly investments in sophisticated lab- oratory instrumentation or highly qualified analyst labor so that it could be easily used in conventional laboratories. The critical parameters of the method were first optimized with standard nitrogeneous organic compounds, and the established method was applied to meat products and baby food samples and compared statistically with the standard Kjeldahl and elemental analysis procedures.
Experimental

Reagents
All chemicals used were obtained from E. Merck (Darmstadt, Germany) and were analytical-reagent grade unless otherwise specified. All solutions were prepared and diluted with double-distilled water. Sixteen different brands of baby food were obtained from the Turkish market place.
(a) Ammonium polysulfide solution.-A 20 g portion of finely ground crystalline sulfur was mixed with 50 mL 35% ammonia solution, and H 2 S was bubbled through the solution at room temperature until the color of the solution changed from orange to dark red.
( 
Kjeldahl Method
A catalyst mixture of 0.3 g Se, 0.3 g CuSO 4 , 2.7 g HgO, and 100 g K 2 SO 4 was prepared and homogenized. About 0.5 g organic N-containing sample was accurately weighed into a dry Kjeldahl flask; 3 g catalyst mixture followed by 5 mL concentrated H 2 SO 4 was added. The mixture was heated until the solution became clear, indicating the conversion of the organic N in the sample to the ammonium salt. After the flask was cooled, the solution was transferred completely to the NH 3 -distillation apparatus. Concentrated NaOH solution was added, and ammonia was distilled into 20 mL 0.1N HCl. The unreacted (excess) acid was back-titrated with standard 0.1N NaOH. The percentage of N was calculated.
Lassaigne's Procedure of Sodium Fusion
The procedure should be performed in a hood; wearing rubber gloves and protective eye glasses is recommended. Use of a completely dry test tube and destruction of the unreacted Na at the end of the procedure are extremely important because elemental Na reacts violently with water. A piece of clean sodium metal, about the size of a pea, weighing ca 0. N-containing compound (e.g., 0.100 g, containing 15-20% N) was added. (If the sample is C-deficient, 0.025 g benzoic acid should be added at this stage.) A drying tube filled with anhydrous CaCl 2 was placed on top of the test tube before heating. The tube was heated gently at first, allowing any distillate formed to fall back onto the molten Na. When charring began, the bottom of the tube was heated to dull redness for ca 3 min. The red hot tube was cooled, and the excess Na was extinguished by the addition of ethanol. After the solution was boiled with water, the cyanide-containing solution was filtered.
Thiocyanate Conversion
The cyanide-containing filtrate was treated with 5 mL ammonium polysulfide solution by heating. This solution was evaporated almost to dryness. (A cake should form in the evaporation stage, indicating that a sufficient quantity of polysulfide was taken.) The minimum volume of polysulfide solution required was 0.55 mL/mg nitrogen, and excess polysulfide can be used without any problem. Concentrated HCl was added to make the medium slightly acidic, and the solution was boiled off to expel hydrogen sulfide. The precipitated sulfur (shown not to adsorb any nitrogen) was removed by filtering, the precipitate was washed, and the filtrate was diluted to a definite volume with distilled water. This final solution contained nitrogen as thiocyanate, converted from the cyanide of the previous step.
Ferric Thiocyanate Spectrophotometric Method
A suitable aliquot of the thiocyanate-containing solution was mixed with an excess of Fe(III) solution in 0.2-0.3M HCl medium, and the absorbance of the Fe(NCS) 2+ complex was measured at 480 nm. The thiocyanate content of the solution was found either from a calibration curve or by application of Beer's law in the linear range in which the molar absorptivity of the complex was 2.96 × 10 3 L/mol·cm. Subsequently, the nitrogen percentage of the original sample was calculated from the thiocyanate content of the above solution. The calibration curve was drawn in the following manner: Aliquots of 1-9 mL stock (1.0mM) thiocyanate solution were each mixed with 1 mL stock Fe(III) solution, and each mixture was diluted to a final volume of 10 mL with distilled water. The reagent blank was prepared by diluting 1 mL Fe(III) solution to 10 mL. Each solution contained 0.2-0.3M HCl. The absorbance of each standard solution at 480 nm was recorded vs the reagent blank. The total time for analysis of a dried sample is ca 15 min.
Analysis of Meat Products
The standard procedure of Na fusion was applied to meat products, with special care to avoid error during decomposition. A meat product sample, weighing 0.050-0.150 g, should be dehydrated by heating in an oven at 100-105°C for 15-20 min so as to prevent violent reaction with Na. negative bias in the determination. Therefore only oven-drying is recommended.) The dried sample was placed in a dry tube. A drying tube (or twisted glass pipe) filled with anhydrous CaCl 2 was placed on top of this tube. Approximately 5-fold metallic sodium was weighed in a beaker half-filled with petroleum ether. The piece of Na was dried between layers of filter paper and placed into the slightly bent decomposition tube at a place 2-3 cm above the meat sample.
(If meat is heated along with Na, the proteins may be destroyed before the reaction takes place, and this destruction would cause an error in the analytical results.) The CaCl 2 -containing drying tube was replaced into its original position, and the heating flame was directed to the Na-containing part of the reaction tube. After the fusion of Na, the sodium melt was dropped onto the meat sample by making the bent tube straight, and the tube was strongly heated from the bottom until it was dull red. Flame-heating was continued for an additional minute, and the tube was allowed to cool at room temperature. All protective measures should be followed as described in the main procedure. For the subsequent conversion of cyanide to thiocyanate, 2 mL saturated (NH 4 ) 2 S 2 solution was taken for each 10 mg original sample. Boiling was continued until a sulfur cake formed at the solution surface or at the edges of the beaker. After the first layer of the cake formed, sufficient amounts of 2N HCl were added to adjust the pH to 6. (As H 2 S evolves, the pH may increase slightly, which can be recognized by the change in the color of the solution to yellowish green.) The pH was stabilized to ca 6 by the addition of a few more milliliters of the HCl solution. The solution was evaporated almost to dryness, the residue was dissolved in water, and the solution was diluted to 100 mL for colorimetric determination of thiocyanate.
Results and Discussion
The spectrophotometric calibration (absorbance versus concentration) curve, constructed by using the Fe(NCS) 2+ complex as the major absorbing species, had a slope (i.e., molar absorptivity) of 2.96 ± 0.05 × 10 3 L/mol·cm, and the curve was linear up to 1.6 absorbance units (i.e., slightly curved toward the concentration axis at A 480 > 1.6). Because 1 mol N in the original substance was converted to 1 mol NCS -with quantitative recovery, the molar absorptivity for N was also the same, meaning that N in the final solution could be quantitated between concentrations of 1.78 × 10 Table 1 shows the nitrogen percentages calculated and found for various organic compounds, depending on the relative amount of Na taken for fusion. Inspection of the data in Table 1 reveals that the mass ratio of Na to compound should roughly exceed 5. Expressed on a mole-to-mole basis, the mole ratio of Na to (C + N) of compound should roughly exceed 3. If the nitrogeneous organic compound does not contain sufficient C, some benzoic acid should be added to the analyzed substance before Na fusion to guarantee the quantitative conversion to cyanide. The other parameters that were to be optimized were the relative amount of polysulfide, the pH for cyanide conversion to thiocyanate, and the relative amount of Fe(III) for the colorimetric determination of thiocyanate. The standard reference compound taken for these optimizations was nitron, C 20 H 16 N 4 , with a molecular weight of 312.4 (containing 17.94% N). Figure 1 shows that ≥ 0.55 mL saturated polysulfide solution was required per milligram N to minimize the relative error in N determination. After the polysulfide reaction, it was necessary to acidify the medium so that sulfur would be separated. After acidification, the solution should be boiled for a short time to expel the H 2 S fumes. During the boiling stage, the solution should not be so acidic so as to prevent the degradation of thiocyanate. However, the solution must not be so alkaline so as to avoid turbidity as a result of FeS precipitation in the subsequent determination. Thus, the pH for removal of excessive sulfur after thiocyanate conversion was optimized within the range of 4.5-9.0 (Figure 2) . Finally, in the colorimetric determination of thiocyanate, excessive Fe(III) should be dissolved in an acidic medium (i.e., 0.2-0.3M HCl to prevent hydrolysis) so that the relatively weak Fe(NCS) 2+ complex will be formed quantitatively, i.e., the final ferric ion solution for color development should contain 100 mg Fe(III) in 10 mL. The mineral acid used before color development should be preferably HCl, and not H 2 SO 4 (which might hinder the quantitative formation of the relatively weak Fe(NCS) 2+ complex in preference to the ferric-sulfato complexes) or HNO 3 (which might partly oxidize the NCS -). Ions forming colored complexes with Fe(III) would normally interfere. The addition of 2-methoxyethanol as the masking agent partly eliminated this interference. The normal interferents of ferric-thiocyanate colorimetry are well documented in the literature and will not be discussed here in detail. In summary, Ag, Cu, Co, Ti, U, Mo, Hg (1 g/L), Zn, Cd, and Bi interfere, but these heavy metals are normally not expected to be present in the analysis of nitrogeneous organic substances such as meat products and baby food. An important feature of ferric-thiocyanate spectrophotometry that was reported is the noninterference of cyanide (41) . The developed method is also suitable for flow injection analysis after Na fusion and NCS -conversion. Recently, a spectrophotometric determination of thiocyanate, using the Fe(NCS) 2+ complex by sequential injection analysis, was reported; NCS -in samples was monitored at 24 samples per hour with a relative standard deviation of <1.20% for samples containing NCS -at > 10 mg/L by the use of an injection system that is robust, simple to operate, and capable of rapid automatic analysis when computer-controlled (41) .
The total nitrogen content of various brands of baby food (such as Milupa, Nestle, Humana, Guigoz, Nutrima, etc.) obtained from the marketplace was determined by the developed spectrophotometric method as well as by the standard Kjeldahl method and by elemental analysis for comparison. The analyses were repeated 3 times for each sample, and the means are reported in Table 2 . The developed method gave results that agreed with those obtained by the standard methods. The analyses of 10 replicate samples of Nutrima baby food established the repeatability of the procedure and allowed us to perform the Student's t-test for statistical comparison ( Table 3 ). The developed method and the standard methods showed comparable precision within the 95% confidence interval.
For the meat sample analyses, preextraction of the meat with organic solvents could not be recommended because it would cause negative bias. Each meat sample, either directly or in predried form in its original fusion tube, was precisely analyzed by the proposed procedure. The results shown in Table 4 are the average values for 3 determinations per sample; the data reveal that the proposed spectrophotometric method and the Kjeldahl method give comparable results. 
